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In this work, we consider the problem of energy transport in a chain of coupled dissipative quan-
tum systems in the presence of non-Markovian dephasing. We use a model of non-Markovianity
which is experimentally realizable in the context of controlled quantum systems. We show that
non-Markovian dephasing can enhance quantum transport and we characterize this phenomenon
in terms of internal coupling strengths of the chain for some chain lengths. Finally, we show that
the phenomenon of dephasing-assisted quantum transport is also enhanced in the non-Markovian
scenario when compared to the Markovian case. Our work brings together engineered environments,
which are a reality in quantum technologies, and energy transport which is typically discussed in
terms of complex molecular systems. We then expect that it may motivate experimental work and
further theoretical investigations on resources which can enhance transport efficiency in a control-
lable way. This can help in the design of quantum devices with lower dissipation rates, an important
concern in any practical application.
The investigation of new ways to overcome classical
performance is a vast and challenging field of research.
It is quite natural to think of genuinely non-classical re-
sources of quantum systems such as entanglement [1],
coherence [2] and invasiveness [3] whenever one seeks to
come up with ways to surpass the ability of classical sys-
tems to perform certain tasks. It is also interesting to in-
vestigate features of classical processes with a parallel in
the quantum domain, such as non-Markovianity, to find
routes to enhance the utility of quantum systems. This
concept of Markovianity was originally defined for clas-
sical stochastic processes and means no memory in the
sense that the past history of a stochastic variable is irrel-
evant to determine its future [4]. All one needs to know is
its value at the present time. In turn, non-Markovianity
means the deviation from Markovian evolutions, which
can be interpreted as a result of the persistence of mem-
ory effects [5–8]. For quantum systems, non-Markovian
evolutions are of central importance when there is a
system-environment coupling, since closed systems are
trivially governed by Markovian evolutions.
The phenomenon of energy transport is present in a
wide variety of open systems. In particular, energy trans-
fer caused by electronic coupling between molecular ag-
gregates in photosynthetic complexes [9, 10] and poly-
meric samples [11] constitute important examples. In-
deed, much effort has been directed towards understand-
ing how the environment impacts energy transport in
coupled quantum systems. With a few exceptions, most
studies have focused on Markovian models [9, 12–16],
thereby not exploiting to the fullest the potentialities of
possibly enhancing the efficiency of quantum transport
through non-Markovianity. Exceptions include the stud-
ies about vibrational coupling in the Fenna-Matthews-
Olson complex [17–19], a few examples in condensed mat-
ter physics where non-Markovian dynamics induced by
fermionic environments has been studied [20–22], and
more recently in ion traps [23]. However, what seems
to have not yet been properly exploited is the possibility
of affecting energy transport in controlled quantum sys-
tems through carefully designed protocols to harness non-
Markovianity [24–28]. This would be in full agreement
with recent applications of non-Markovianity in many
quantum technological applications such as quantum key
distribution [29], quantum metrology [30], and quantum
teleportation [31].
Quantum dynamics is described by completely-positive
(CP) and trace-preserving (TP) linear maps upon which
the concept of Markovianity or non-Markovianity is de-
veloped. On one hand, Markovianity means a CPTP
dynamical map which causes continuous loss of informa-
tion from the quantum open system to the environment
[32]. On the other hand, and in analogy with the classi-
cal case, Markovianity can be defined by considering CP
divisibility [33–37]. To be precise, let E(tf ,ti) be a CPTP
dynamical map, the action of which on density matri-
ces at time ti leads to density matrices at time tf with
tf ≥ ti. According to this view, a Markovian dynami-
cal process is that for which the map E(t3,t1), from t1 to
t3, can always be decomposed as E(t3,t1) = E(t3,t2)E(t2,t1),
with E(t3,t2) CP for every t3 ≥ t2 ≥ t1 [33].
In this work, we investigate the efficiency of energy
transport in a linear chain of N two-level dissipative sys-
tems, where non-Markovian dephasing is induced and
controlled by the introduction of ancillas which are lo-
cally coupled to each site of the chain, as described in
[25]. Such a mechanism has been employed in the ex-
perimental study of temporal correlations as indicators
of non-Markovianity [25]. We consider the transport of
an excitation, initially in the first site of the chain, to a
site N + 1, which is also a two-level system and will be
referred to as the sink-site, to which energy is transferred
irreversibily. In this way, the population of the sink-site
can be viewed as a figure of merit of the efficiency of the
quantum transport.
We consider a chain with N -coupled two-level systems
in a first-neighbour coupling model, implying a linear
geometry, as represented in Fig. 1. The Hamiltonian
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2that describe this system is given by (h¯ = 1):
H =
N∑
i=1
ωi
2
σzi +
N−1∑
i=1
λi(σ
+
i σ
−
i+1 + σ
+
i+1σ
−
i ), (1)
where σ+i is the operator causing transition from the
ground to the excited state in site i, σ−i = (σ
+
i )
†, σzi
and ωi are the Pauli z operator and the energy associ-
ated with i-th site, respectively, and λi is the coupling
constant between sites i and i+ 1.
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FIG. 1: Illustration of a linear chain with three sites. Each
site i of the chain is coupled to its neighbour, as indicates the
solid gray line and the coupling strenghts λ1 and λ2, as well as
locally coupled to some environment which causes dissipation,
with constant rate κi, and time-dependent dephasing at rate
γi(t). The last site of the chain can irreversibly give energy
to a distinguished two-level system, named as sink, which can
trap the excitation that is initially in the first site of the chain.
Each site i is subjected to local dissipation and local
dephasing, such that the action of the superoperator Li
can be written as
Liρ = κi(2σ−i ρσ+i − σ+i σ−i ρ− ρσ+i σ−i )
+ γi(t)(σ
z
i ρσ
z
i − ρ)− isi(t)[σzi , ρ], (2)
where κi are the damping rates responsible for energy
dissipation, γi(t) is a time-dependent dephasing rate,
and si(t) are environment-induced time-dependent en-
ergy shifts [25]. Here, the time evolution of the dissipa-
tion part will be assumed Markovian, which translates
into κi ≥ 0. Concerning the dephasing contribution, a
Markovian evolution means γi(t) ≥ 0 and si(t) ≥ 0 for
all times.
In the scope of controlled quantum systems, non-
Markovian dephasing can be introduced and externally
controlled [24–28]. Usually one can achieve it by the
introduction of controlled auxiliary systems or ancil-
las. Each ancilla interacts locally with each site in the
chain and constitute, with the original bath, the local
environment affecting it. In this way, one can will-
ingly make γi(t) < 0 for some i and for some time in-
terval. This is well-known to be a signature of non-
Markovianity [5, 32, 33] and this mechanism was exper-
imentally demonstrated in the context of nuclear mag-
netic resonance [25] with the dephasing rate given by:
γi(t) = γi +
piJ sin2(2θ) sin(2piJt)
3 + 2 cos(4θ) sin2(piJt) + cos(2piJt)
. (3)
and an energy shift given by
si(t) =
2piJ cos(2θ)
3 + 2 cos(4θ) sin2(piJt) + cos(2piJt)
, (4)
where J and θ are fully-controlled parameters. For a
given set of uncontrolled environmental dephasing rates
γi ≥ 0, which depend on the physical subsystems forming
the chain and their environment, it is possible to find and
experimentally impose values of J and θ which renders
γi(t) ≤ 0 for some time t [25]. We will be using this
non-Markovianity induction mechanism throughout this
paper.
Finally, we consider that the N -th site incoherently
populates another two-level system which is usually
named sink [9], as depicted in Fig. 1. Mathematically,
this is described via the action of the superoperator Lsink:
Lsink = κsink(2σ+sinkσ−Nρσ+Nσ−sink
− σ+Nσ−sinkσ+sinkσ−Nρ− ρσ+Nσ−sinkσ+sinkσ−N ), (5)
where κsink ≥ 0. Notice that Eq. (5) describes the irre-
versible transport of the excitation to the sink, which
therefore traps it. Naturally, a relevant quantity for
the study of quantum transport in such systems is the
excitation transferred to the sink system, given by the
population of the sink excited level at time t, psink(t) =
Tr(ρ(t)σ+sinkσ
−
sink), where the system density matrix ρ(t)
obeys
∂ρ(t)
∂t
= −i[H, ρ(t)] +
n∑
i=1
Liρ(t) + Lsinkρ(t). (6)
A figure of merit for the transport efficiency, η, is defined
as limt→∞ psink(t), which corresponds to the asymptotic
value of the sink population. For the simulations, the
initial state, at t = 0, is all sites and sink in their local
ground states, except for the first chain-site which starts
in the excited state.
To summarize, the excitation in the first site propa-
gates through the chain always subjected to local dissipa-
tion and dephasing which can be made purely Markovian
or non-Markovian depending on the control parameters J
and θ. The aim is to avoid the excitation to be trapped
in the chain and to populate irreversibly the two-level
sink system.
We first consider the simplest scenario, a chain with
two sites and the sink. We solved Eq. (6) numerically
to determine psink(t) for such a system. In Fig. 2, we
have some plots of psink(t) for different values of λ, the
coupling constant in the chain, and the Markovian and
non-Markovian cases. We fixed ω1 = ω2 = 2, κ1 = κ2 =
0.1, γ1 = γ2 = 0.1, and κsink = 0.6 for all plots in Fig. 2.
Time is then expressed in arbitrary units (a.u.), i.e., in
the unit of the inverse of the frequencies of the problem
(kept here unspecified).
For N = 2, we numerically checked that, as long as θ
and J in (3) lead to γ(t) ≥ 0 for all t, the efficiency η,
3i.e. the asymptotic value of psink, is aproximatelly the
same. Consequently, without any loss of generality, we
will set J = 0 as the Markovian benchmark. For the non-
Markovian case, psink(t) is represented by the solid red
lines on the left, with (J = 10, θ = 0.8), and solid blue
lines on the right, with (J = 10, θ = pi/3). Both set of
values lead to negative values of the dephasing rate γ(t),
see the plots in Fig. 2.
As one can see from the plots on the right in Fig. 2,
the presence of non-Markovian dephasing leads to some
small enhancement of the transport efficiency. Nonethe-
less, in the plots on the left, we can see an impressive
enhancement. In this way, under appropriate conditions,
non-Markovianity may be used as a tool to enhance quan-
tum transport in controlled quantum systems. Interest-
ingly, by closely inspecting the plots in Fig. 2, one also
sees that the enhancement in the efficiency due to non-
Markovianity tends to vanish for larger values of λ. The
physical picture behind this fact is that strongly coupled
sites lead to delocalized energy states or excitons. Con-
sequently, non-Markovianity as given by (6) tend to have
its relevance reduced due to its localized action.
In Fig. 3, we present plots of psink(t) for a chain with
N = 3 spins and different values of the internal coupling
strenght λ, the same values as in Fig. 2. Once again we
choose J = 0 for the Markovian case. To obtain non-
Markovian dephasing, J = 10 and θ = 0.8 are set, just
like in Fig. 2. For the other parameters, we extend the
2-site problem studied previously: ω1 = ω2 = ω3 = 2,
κ1 = κ2 = κ3 = 0.1, γ1 = γ2 = γ3 = 0.1, and κsink = 0.6.
One can see from Fig. 2 and Fig. 3 that the slight
increase in the chain length led to a decrease of the
transport efficiency. This is expected, since when the
chain length is increased, the number of local dissipa-
tors also increases. Howewer, we see that, similarly to
the results for the chain with N = 2, the presence of
non-Markovianity leads to a significant enhancement of
transport efficiency for the chain with N = 3 as well. The
effect of chain lengths and non-Markovianity for N > 3
is to be studied elsewhere given the difficulty involved to
numerically solve Eq. (6) with oscillating time-dependent
frequencies and dephasing rates.
Finally, we revisit the phenomenon of dephasing-
assisted transport for the model considered, but now
from the point of view of non-Markovianity. Under cer-
tain conditions, including position-dependent site ener-
gies, it is known that the transport efficiency is opti-
mized when the chain is subjected to non-null dephasing
[9, 10]. Consequently, closed system dynamics is not al-
ways the best choice to achieve high transport efficiency.
In Fig. 4, the parameters of the chain are chosen such
that the manifestation of dephasing-assisted transport
is possible, these parameters being γ1(t) = γ3(t) = 0,
κ1 = κ2 = κ3 = 0.05, ω1 = ω2/4 = ω3 = 0.5,
λ1 = λ2 = 0.2, and κsink = 0.6. In Fig. 4, we have
the plots of the efficiency η as a function of γ2 both
in the Markovian case, in dashed-dotted gray, and non-
Markovian case, in red solid line. One can see that in
t (a.u.)
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<latexit sha1_base64="c11VC9L1eaTqpp04iHx7lrkEDn8=">AAAB6nicbVB NS8NAEJ34WetX1aOXxSLopSRF0GPBi71VtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777aytb2xubRd2irt7+weHpaPjlo5TxbDJ YhGrTkA1Ci6xabgR2EkU0igQ2A7GtzO//YRK81g+mkmCfkSHkoecUWOlh3r9sl8quxV3DrJKvJyUIUejX/rqDWKWRigNE1Trrucmxs+oMpwJnBZ7qcaEsjEdYtdS SSPUfjY/dUrOrTIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCW/8jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdoQvOWXV0mrWvHcindfLdeu8 jgKcApncAEeXEMN7qABTWAwhGd4hTdHOC/Ou/OxaF1z8pkT+APn8weRo41D</latexit><latexit sha1_base64="c11VC9L1eaTqpp04iHx7lrkEDn8=">AAAB6nicbVB NS8NAEJ34WetX1aOXxSLopSRF0GPBi71VtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777aytb2xubRd2irt7+weHpaPjlo5TxbDJ YhGrTkA1Ci6xabgR2EkU0igQ2A7GtzO//YRK81g+mkmCfkSHkoecUWOlh3r9sl8quxV3DrJKvJyUIUejX/rqDWKWRigNE1Trrucmxs+oMpwJnBZ7qcaEsjEdYtdS SSPUfjY/dUrOrTIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCW/8jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdoQvOWXV0mrWvHcindfLdeu8 jgKcApncAEeXEMN7qABTWAwhGd4hTdHOC/Ou/OxaF1z8pkT+APn8weRo41D</latexit><latexit sha1_base64="c11VC9L1eaTqpp04iHx7lrkEDn8=">AAAB6nicbVB NS8NAEJ34WetX1aOXxSLopSRF0GPBi71VtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777aytb2xubRd2irt7+weHpaPjlo5TxbDJ YhGrTkA1Ci6xabgR2EkU0igQ2A7GtzO//YRK81g+mkmCfkSHkoecUWOlh3r9sl8quxV3DrJKvJyUIUejX/rqDWKWRigNE1Trrucmxs+oMpwJnBZ7qcaEsjEdYtdS SSPUfjY/dUrOrTIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCW/8jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdoQvOWXV0mrWvHcindfLdeu8 jgKcApncAEeXEMN7qABTWAwhGd4hTdHOC/Ou/OxaF1z8pkT+APn8weRo41D</latexit><latexit sha1_base64="c11VC9L1eaTqpp04iHx7lrkEDn8=">AAAB6nicbVB NS8NAEJ34WetX1aOXxSLopSRF0GPBi71VtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777aytb2xubRd2irt7+weHpaPjlo5TxbDJ YhGrTkA1Ci6xabgR2EkU0igQ2A7GtzO//YRK81g+mkmCfkSHkoecUWOlh3r9sl8quxV3DrJKvJyUIUejX/rqDWKWRigNE1Trrucmxs+oMpwJnBZ7qcaEsjEdYtdS SSPUfjY/dUrOrTIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCW/8jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdoQvOWXV0mrWvHcindfLdeu8 jgKcApncAEeXEMN7qABTWAwhGd4hTdHOC/Ou/OxaF1z8pkT+APn8weRo41D</latexit>
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<latexit sha1_base64="vBTaG+xGnySqK86vN/iTDG9CV4I=">AAAB63icbVB NS8NAEJ3Ur1q/qh69LBZBLyUpgh4LXuytgv2ANpTNdtMu3d2E3Y1QQv+CFw+KePUPefPfuElz0NYHA4/3ZpiZF8ScaeO6305pY3Nre6e8W9nbPzg8qh6fdHWUKEI7 JOKR6gdYU84k7RhmOO3HimIRcNoLZneZ33uiSrNIPpp5TH2BJ5KFjGCTSa1W62pUrbl1NwdaJ15BalCgPap+DccRSQSVhnCs9cBzY+OnWBlGOF1UhommMSYzPKED SyUWVPtpfusCXVhljMJI2ZIG5erviRQLrecisJ0Cm6le9TLxP2+QmPDWT5mME0MlWS4KE45MhLLH0ZgpSgyfW4KJYvZWRKZYYWJsPBUbgrf68jrpNuqeW/ceGrXmd RFHGc7gHC7Bgxtowj20oQMEpvAMr/DmCOfFeXc+lq0lp5g5hT9wPn8AJhmNlg==</latexit><latexit sha1_base64="vBTaG+xGnySqK86vN/iTDG9CV4I=">AAAB63icbVB NS8NAEJ3Ur1q/qh69LBZBLyUpgh4LXuytgv2ANpTNdtMu3d2E3Y1QQv+CFw+KePUPefPfuElz0NYHA4/3ZpiZF8ScaeO6305pY3Nre6e8W9nbPzg8qh6fdHWUKEI7 JOKR6gdYU84k7RhmOO3HimIRcNoLZneZ33uiSrNIPpp5TH2BJ5KFjGCTSa1W62pUrbl1NwdaJ15BalCgPap+DccRSQSVhnCs9cBzY+OnWBlGOF1UhommMSYzPKED SyUWVPtpfusCXVhljMJI2ZIG5erviRQLrecisJ0Cm6le9TLxP2+QmPDWT5mME0MlWS4KE45MhLLH0ZgpSgyfW4KJYvZWRKZYYWJsPBUbgrf68jrpNuqeW/ceGrXmd RFHGc7gHC7Bgxtowj20oQMEpvAMr/DmCOfFeXc+lq0lp5g5hT9wPn8AJhmNlg==</latexit><latexit sha1_base64="vBTaG+xGnySqK86vN/iTDG9CV4I=">AAAB63icbVB NS8NAEJ3Ur1q/qh69LBZBLyUpgh4LXuytgv2ANpTNdtMu3d2E3Y1QQv+CFw+KePUPefPfuElz0NYHA4/3ZpiZF8ScaeO6305pY3Nre6e8W9nbPzg8qh6fdHWUKEI7 JOKR6gdYU84k7RhmOO3HimIRcNoLZneZ33uiSrNIPpp5TH2BJ5KFjGCTSa1W62pUrbl1NwdaJ15BalCgPap+DccRSQSVhnCs9cBzY+OnWBlGOF1UhommMSYzPKED SyUWVPtpfusCXVhljMJI2ZIG5erviRQLrecisJ0Cm6le9TLxP2+QmPDWT5mME0MlWS4KE45MhLLH0ZgpSgyfW4KJYvZWRKZYYWJsPBUbgrf68jrpNuqeW/ceGrXmd RFHGc7gHC7Bgxtowj20oQMEpvAMr/DmCOfFeXc+lq0lp5g5hT9wPn8AJhmNlg==</latexit><latexit sha1_base64="vBTaG+xGnySqK86vN/iTDG9CV4I=">AAAB63icbVB NS8NAEJ3Ur1q/qh69LBZBLyUpgh4LXuytgv2ANpTNdtMu3d2E3Y1QQv+CFw+KePUPefPfuElz0NYHA4/3ZpiZF8ScaeO6305pY3Nre6e8W9nbPzg8qh6fdHWUKEI7 JOKR6gdYU84k7RhmOO3HimIRcNoLZneZ33uiSrNIPpp5TH2BJ5KFjGCTSa1W62pUrbl1NwdaJ15BalCgPap+DccRSQSVhnCs9cBzY+OnWBlGOF1UhommMSYzPKED SyUWVPtpfusCXVhljMJI2ZIG5erviRQLrecisJ0Cm6le9TLxP2+QmPDWT5mME0MlWS4KE45MhLLH0ZgpSgyfW4KJYvZWRKZYYWJsPBUbgrf68jrpNuqeW/ceGrXmd RFHGc7gHC7Bgxtowj20oQMEpvAMr/DmCOfFeXc+lq0lp5g5hT9wPn8AJhmNlg==</latexit>
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<latexit sha1_base64="Pli2gMUxwLy8JcuMAIMOezWib0Q=">AAAB6nicbVB NS8NAEJ3Ur1q/qh69LBZBLyUpgh4LXvRW0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiT xTLWnYAaLoXiTRQoeSfRnEaB5O1gfDPz209cGxGrR5wk3I/oUIlQMIpWerhrXfTLFbfqzkFWiZeTCuRo9MtfvUHM0ogrZJIa0/XcBP2MahRM8mmplxqeUDamQ961 VNGIGz+bnzolZ1YZkDDWthSSufp7IqORMZMosJ0RxZFZ9mbif143xfDaz4RKUuSKLRaFqSQYk9nfZCA0ZygnllCmhb2VsBHVlKFNp2RD8JZfXiWtWtVzq959rVK/z OMowgmcwjl4cAV1uIUGNIHBEJ7hFd4c6bw4787HorXg5DPH8AfO5w+lZI1Q</latexit><latexit sha1_base64="Pli2gMUxwLy8JcuMAIMOezWib0Q=">AAAB6nicbVB NS8NAEJ3Ur1q/qh69LBZBLyUpgh4LXvRW0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiT xTLWnYAaLoXiTRQoeSfRnEaB5O1gfDPz209cGxGrR5wk3I/oUIlQMIpWerhrXfTLFbfqzkFWiZeTCuRo9MtfvUHM0ogrZJIa0/XcBP2MahRM8mmplxqeUDamQ961 VNGIGz+bnzolZ1YZkDDWthSSufp7IqORMZMosJ0RxZFZ9mbif143xfDaz4RKUuSKLRaFqSQYk9nfZCA0ZygnllCmhb2VsBHVlKFNp2RD8JZfXiWtWtVzq959rVK/z OMowgmcwjl4cAV1uIUGNIHBEJ7hFd4c6bw4787HorXg5DPH8AfO5w+lZI1Q</latexit><latexit sha1_base64="Pli2gMUxwLy8JcuMAIMOezWib0Q=">AAAB6nicbVB NS8NAEJ3Ur1q/qh69LBZBLyUpgh4LXvRW0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiT xTLWnYAaLoXiTRQoeSfRnEaB5O1gfDPz209cGxGrR5wk3I/oUIlQMIpWerhrXfTLFbfqzkFWiZeTCuRo9MtfvUHM0ogrZJIa0/XcBP2MahRM8mmplxqeUDamQ961 VNGIGz+bnzolZ1YZkDDWthSSufp7IqORMZMosJ0RxZFZ9mbif143xfDaz4RKUuSKLRaFqSQYk9nfZCA0ZygnllCmhb2VsBHVlKFNp2RD8JZfXiWtWtVzq959rVK/z OMowgmcwjl4cAV1uIUGNIHBEJ7hFd4c6bw4787HorXg5DPH8AfO5w+lZI1Q</latexit><latexit sha1_base64="Pli2gMUxwLy8JcuMAIMOezWib0Q=">AAAB6nicbVB NS8NAEJ3Ur1q/qh69LBZBLyUpgh4LXvRW0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiT xTLWnYAaLoXiTRQoeSfRnEaB5O1gfDPz209cGxGrR5wk3I/oUIlQMIpWerhrXfTLFbfqzkFWiZeTCuRo9MtfvUHM0ogrZJIa0/XcBP2MahRM8mmplxqeUDamQ961 VNGIGz+bnzolZ1YZkDDWthSSufp7IqORMZMosJ0RxZFZ9mbif143xfDaz4RKUuSKLRaFqSQYk9nfZCA0ZygnllCmhb2VsBHVlKFNp2RD8JZfXiWtWtVzq959rVK/z OMowgmcwjl4cAV1uIUGNIHBEJ7hFd4c6bw4787HorXg5DPH8AfO5w+lZI1Q</latexit>
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<latexit sha1_base64="BQeOyPjhBFCEdGWH89YFLJSE20U=">AAAB+nicbVBNS8NAEN34WetXqkcvi63gqSS9KJ4KXjxWsB/QhrDZbtqlm03Ynagl5qd48aCIV3+JN/+N2zYHbX0w8Hhvhpl5QSK4Bsf5ttbWNza3tks75d29/YNDu3LU0XGqKGvTWMSqFxDNBJesDRwE6yWKkSgQrBtMrmd+954pzWN5B9OEeREZSR5ySsBIvl2pJX42APYImeZykuc13646dWcOvErcglRRgZZvfw2GMU0jJoEKonXfdRLwMqKAU8Hy8iDVLCF0Qkasb6gkEdNeNj89x2dGGeIwVqYk4Ln6eyIjkdbTKDCdEYGxXvZm4n9eP4Xw0su4TFJgki4WhanAEONZDnjIFaMgpoYQqri5FdMxUYSCSatsQnCXX14lnUbdderubaPavCriKKETdIrOkYsuUBPdoBZqI4oe0DN6RW/Wk/VivVsfi9Y1q5g5Rn9gff4Akg6UKA==</latexit><latexit sha1_base64="BQeOyPjhBFCEdGWH89YFLJSE20U=">AAAB+nicbVBNS8NAEN34WetXqkcvi63gqSS9KJ4KXjxWsB/QhrDZbtqlm03Ynagl5qd48aCIV3+JN/+N2zYHbX0w8Hhvhpl5QSK4Bsf5ttbWNza3tks75d29/YNDu3LU0XGqKGvTWMSqFxDNBJesDRwE6yWKkSgQrBtMrmd+954pzWN5B9OEeREZSR5ySsBIvl2pJX42APYImeZykuc13646dWcOvErcglRRgZZvfw2GMU0jJoEKonXfdRLwMqKAU8Hy8iDVLCF0Qkasb6gkEdNeNj89x2dGGeIwVqYk4Ln6eyIjkdbTKDCdEYGxXvZm4n9eP4Xw0su4TFJgki4WhanAEONZDnjIFaMgpoYQqri5FdMxUYSCSatsQnCXX14lnUbdderubaPavCriKKETdIrOkYsuUBPdoBZqI4oe0DN6RW/Wk/VivVsfi9Y1q5g5Rn9gff4Akg6UKA==</latexit><latexit sha1_base64="BQeOyPjhBFCEdGWH89YFLJSE20U=">AAAB+nicbVBNS8NAEN34WetXqkcvi63gqSS9KJ4KXjxWsB/QhrDZbtqlm03Ynagl5qd48aCIV3+JN/+N2zYHbX0w8Hhvhpl5QSK4Bsf5ttbWNza3tks75d29/YNDu3LU0XGqKGvTWMSqFxDNBJesDRwE6yWKkSgQrBtMrmd+954pzWN5B9OEeREZSR5ySsBIvl2pJX42APYImeZykuc13646dWcOvErcglRRgZZvfw2GMU0jJoEKonXfdRLwMqKAU8Hy8iDVLCF0Qkasb6gkEdNeNj89x2dGGeIwVqYk4Ln6eyIjkdbTKDCdEYGxXvZm4n9eP4Xw0su4TFJgki4WhanAEONZDnjIFaMgpoYQqri5FdMxUYSCSatsQnCXX14lnUbdderubaPavCriKKETdIrOkYsuUBPdoBZqI4oe0DN6RW/Wk/VivVsfi9Y1q5g5Rn9gff4Akg6UKA==</latexit><latexit sha1_base64="BQeOyPjhBFCEdGWH89YFLJSE20U=">AAAB+nicbVBNS8NAEN34WetXqkcvi63gqSS9KJ4KXjxWsB/QhrDZbtqlm03Ynagl5qd48aCIV3+JN/+N2zYHbX0w8Hhvhpl5QSK4Bsf5ttbWNza3tks75d29/YNDu3LU0XGqKGvTWMSqFxDNBJesDRwE6yWKkSgQrBtMrmd+954pzWN5B9OEeREZSR5ySsBIvl2pJX42APYImeZykuc13646dWcOvErcglRRgZZvfw2GMU0jJoEKonXfdRLwMqKAU8Hy8iDVLCF0Qkasb6gkEdNeNj89x2dGGeIwVqYk4Ln6eyIjkdbTKDCdEYGxXvZm4n9eP4Xw0su4TFJgki4WhanAEONZDnjIFaMgpoYQqri5FdMxUYSCSatsQnCXX14lnUbdderubaPavCriKKETdIrOkYsuUBPdoBZqI4oe0DN6RW/Wk/VivVsfi9Y1q5g5Rn9gff4Akg6UKA==</latexit>
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<latexit sha1_base64="BQeOyPjhBFCEdGWH89YFLJSE20U=">AAAB+nicbVBNS8NAEN34WetXqkcvi63gqSS9KJ4KXjxWsB/QhrDZbtqlm03Ynagl5qd48aCIV3+JN/+N2zYHbX0w8Hhvhpl5QSK4Bsf5ttbWNza3tks75d29/YNDu3LU0XGqKGvTWMSqFxDNBJesDRwE6yWKkSgQrBtMrmd+954pzWN5B9OEeREZSR5ySsBIvl2pJX42APYImeZykuc13646dWcOvErcglRRgZZvfw2GMU0jJoEKonXfdRLwMqKAU8Hy8iDVLCF0Qkasb6gkEdNeNj89x2dGGeIwVqYk4Ln6eyIjkdbTKDCdEYGxXvZm4n9eP4Xw0su4TFJgki4WhanAEONZDnjIFaMgpoYQqri5FdMxUYSCSatsQnCXX14lnUbdderubaPavCriKKETdIrOkYsuUBPdoBZqI4oe0DN6RW/Wk/VivVsfi9Y1q5g5Rn9gff4Akg6UKA==</latexit><latexit sha1_base64="BQeOyPjhBFCEdGWH89YFLJSE20U=">AAAB+nicbVBNS8NAEN34WetXqkcvi63gqSS9KJ4KXjxWsB/QhrDZbtqlm03Ynagl5qd48aCIV3+JN/+N2zYHbX0w8Hhvhpl5QSK4Bsf5ttbWNza3tks75d29/YNDu3LU0XGqKGvTWMSqFxDNBJesDRwE6yWKkSgQrBtMrmd+954pzWN5B9OEeREZSR5ySsBIvl2pJX42APYImeZykuc13646dWcOvErcglRRgZZvfw2GMU0jJoEKonXfdRLwMqKAU8Hy8iDVLCF0Qkasb6gkEdNeNj89x2dGGeIwVqYk4Ln6eyIjkdbTKDCdEYGxXvZm4n9eP4Xw0su4TFJgki4WhanAEONZDnjIFaMgpoYQqri5FdMxUYSCSatsQnCXX14lnUbdderubaPavCriKKETdIrOkYsuUBPdoBZqI4oe0DN6RW/Wk/VivVsfi9Y1q5g5Rn9gff4Akg6UKA==</latexit><latexit sha1_base64="BQeOyPjhBFCEdGWH89YFLJSE20U=">AAAB+nicbVBNS8NAEN34WetXqkcvi63gqSS9KJ4KXjxWsB/QhrDZbtqlm03Ynagl5qd48aCIV3+JN/+N2zYHbX0w8Hhvhpl5QSK4Bsf5ttbWNza3tks75d29/YNDu3LU0XGqKGvTWMSqFxDNBJesDRwE6yWKkSgQrBtMrmd+954pzWN5B9OEeREZSR5ySsBIvl2pJX42APYImeZykuc13646dWcOvErcglRRgZZvfw2GMU0jJoEKonXfdRLwMqKAU8Hy8iDVLCF0Qkasb6gkEdNeNj89x2dGGeIwVqYk4Ln6eyIjkdbTKDCdEYGxXvZm4n9eP4Xw0su4TFJgki4WhanAEONZDnjIFaMgpoYQqri5FdMxUYSCSatsQnCXX14lnUbdderubaPavCriKKETdIrOkYsuUBPdoBZqI4oe0DN6RW/Wk/VivVsfi9Y1q5g5Rn9gff4Akg6UKA==</latexit><latexit sha1_base64="BQeOyPjhBFCEdGWH89YFLJSE20U=">AAAB+nicbVBNS8NAEN34WetXqkcvi63gqSS9KJ4KXjxWsB/QhrDZbtqlm03Ynagl5qd48aCIV3+JN/+N2zYHbX0w8Hhvhpl5QSK4Bsf5ttbWNza3tks75d29/YNDu3LU0XGqKGvTWMSqFxDNBJesDRwE6yWKkSgQrBtMrmd+954pzWN5B9OEeREZSR5ySsBIvl2pJX42APYImeZykuc13646dWcOvErcglRRgZZvfw2GMU0jJoEKonXfdRLwMqKAU8Hy8iDVLCF0Qkasb6gkEdNeNj89x2dGGeIwVqYk4Ln6eyIjkdbTKDCdEYGxXvZm4n9eP4Xw0su4TFJgki4WhanAEONZDnjIFaMgpoYQqri5FdMxUYSCSatsQnCXX14lnUbdderubaPavCriKKETdIrOkYsuUBPdoBZqI4oe0DN6RW/Wk/VivVsfi9Y1q5g5Rn9gff4Akg6UKA==</latexit>
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<latexit sha1_base64="BQeOyPjhBFCEdGWH89YFLJSE20U=">AAAB+nicbVBNS8NAEN34WetXqkcvi63gqSS9KJ4KXjxWsB/QhrDZbtqlm03Ynagl5qd48aCIV3+JN/+N2zYHbX0w8Hhvhpl5QSK4Bsf5ttbWNza3tks75d29/YNDu3LU0XGqKGvTWMSqFxDNBJesDRwE6yWKkSgQrBtMrmd+954pzWN5B9OEeREZSR5ySsBIvl2pJX42APYImeZykuc13646dWcOvErcglRRgZZvfw2GMU0jJoEKonXfdRLwMqKAU8Hy8iDVLCF0Qkasb6gkEdNeNj89x2dGGeIwVqYk4Ln6eyIjkdbTKDCdEYGxXvZm4n9eP4Xw0su4TFJgki4WhanAEONZDnjIFaMgpoYQqri5FdMxUYSCSatsQnCXX14lnUbdderubaPavCriKKETdIrOkYsuUBPdoBZqI4oe0DN6RW/Wk/VivVsfi9Y1q5g5Rn9gff4Akg6UKA==</latexit><latexit sha1_base64="BQeOyPjhBFCEdGWH89YFLJSE20U=">AAAB+nicbVBNS8NAEN34WetXqkcvi63gqSS9KJ4KXjxWsB/QhrDZbtqlm03Ynagl5qd48aCIV3+JN/+N2zYHbX0w8Hhvhpl5QSK4Bsf5ttbWNza3tks75d29/YNDu3LU0XGqKGvTWMSqFxDNBJesDRwE6yWKkSgQrBtMrmd+954pzWN5B9OEeREZSR5ySsBIvl2pJX42APYImeZykuc13646dWcOvErcglRRgZZvfw2GMU0jJoEKonXfdRLwMqKAU8Hy8iDVLCF0Qkasb6gkEdNeNj89x2dGGeIwVqYk4Ln6eyIjkdbTKDCdEYGxXvZm4n9eP4Xw0su4TFJgki4WhanAEONZDnjIFaMgpoYQqri5FdMxUYSCSatsQnCXX14lnUbdderubaPavCriKKETdIrOkYsuUBPdoBZqI4oe0DN6RW/Wk/VivVsfi9Y1q5g5Rn9gff4Akg6UKA==</latexit><latexit sha1_base64="BQeOyPjhBFCEdGWH89YFLJSE20U=">AAAB+nicbVBNS8NAEN34WetXqkcvi63gqSS9KJ4KXjxWsB/QhrDZbtqlm03Ynagl5qd48aCIV3+JN/+N2zYHbX0w8Hhvhpl5QSK4Bsf5ttbWNza3tks75d29/YNDu3LU0XGqKGvTWMSqFxDNBJesDRwE6yWKkSgQrBtMrmd+954pzWN5B9OEeREZSR5ySsBIvl2pJX42APYImeZykuc13646dWcOvErcglRRgZZvfw2GMU0jJoEKonXfdRLwMqKAU8Hy8iDVLCF0Qkasb6gkEdNeNj89x2dGGeIwVqYk4Ln6eyIjkdbTKDCdEYGxXvZm4n9eP4Xw0su4TFJgki4WhanAEONZDnjIFaMgpoYQqri5FdMxUYSCSatsQnCXX14lnUbdderubaPavCriKKETdIrOkYsuUBPdoBZqI4oe0DN6RW/Wk/VivVsfi9Y1q5g5Rn9gff4Akg6UKA==</latexit><latexit sha1_base64="BQeOyPjhBFCEdGWH89YFLJSE20U=">AAAB+nicbVBNS8NAEN34WetXqkcvi63gqSS9KJ4KXjxWsB/QhrDZbtqlm03Ynagl5qd48aCIV3+JN/+N2zYHbX0w8Hhvhpl5QSK4Bsf5ttbWNza3tks75d29/YNDu3LU0XGqKGvTWMSqFxDNBJesDRwE6yWKkSgQrBtMrmd+954pzWN5B9OEeREZSR5ySsBIvl2pJX42APYImeZykuc13646dWcOvErcglRRgZZvfw2GMU0jJoEKonXfdRLwMqKAU8Hy8iDVLCF0Qkasb6gkEdNeNj89x2dGGeIwVqYk4Ln6eyIjkdbTKDCdEYGxXvZm4n9eP4Xw0su4TFJgki4WhanAEONZDnjIFaMgpoYQqri5FdMxUYSCSatsQnCXX14lnUbdderubaPavCriKKETdIrOkYsuUBPdoBZqI4oe0DN6RW/Wk/VivVsfi9Y1q5g5Rn9gff4Akg6UKA==</latexit>
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FIG. 2: Plots of psink as function of time t for N = 2 and
different values of the site-to-site coupling constant λ: I) λ =
0.1 II) λ = 0.3 III) λ = 0.5 IV) λ = 0.7. Gray dashed-dotted
lines correspond to the Markovian case while red solid lines on
the left correspond to J = 10 and θ = 0.8, whilst J = 10 and
θ = pi/3 is used for the blue solid lines on the right. Both of
them correspond to non-Markovian evolutions, with the plots
for the associated γ(t) on the top.
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II)
<latexit sha1_base64="c11VC9L1eaTqpp04iHx7lrkEDn8=">AAAB6nicbVB NS8NAEJ34WetX1aOXxSLopSRF0GPBi71VtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777aytb2xubRd2irt7+weHpaPjlo5TxbDJ YhGrTkA1Ci6xabgR2EkU0igQ2A7GtzO//YRK81g+mkmCfkSHkoecUWOlh3r9sl8quxV3DrJKvJyUIUejX/rqDWKWRigNE1Trrucmxs+oMpwJnBZ7qcaEsjEdYtdS SSPUfjY/dUrOrTIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCW/8jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdoQvOWXV0mrWvHcindfLdeu8 jgKcApncAEeXEMN7qABTWAwhGd4hTdHOC/Ou/OxaF1z8pkT+APn8weRo41D</latexit><latexit sha1_base64="c11VC9L1eaTqpp04iHx7lrkEDn8=">AAAB6nicbVB NS8NAEJ34WetX1aOXxSLopSRF0GPBi71VtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777aytb2xubRd2irt7+weHpaPjlo5TxbDJ YhGrTkA1Ci6xabgR2EkU0igQ2A7GtzO//YRK81g+mkmCfkSHkoecUWOlh3r9sl8quxV3DrJKvJyUIUejX/rqDWKWRigNE1Trrucmxs+oMpwJnBZ7qcaEsjEdYtdS SSPUfjY/dUrOrTIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCW/8jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdoQvOWXV0mrWvHcindfLdeu8 jgKcApncAEeXEMN7qABTWAwhGd4hTdHOC/Ou/OxaF1z8pkT+APn8weRo41D</latexit><latexit sha1_base64="c11VC9L1eaTqpp04iHx7lrkEDn8=">AAAB6nicbVB NS8NAEJ34WetX1aOXxSLopSRF0GPBi71VtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777aytb2xubRd2irt7+weHpaPjlo5TxbDJ YhGrTkA1Ci6xabgR2EkU0igQ2A7GtzO//YRK81g+mkmCfkSHkoecUWOlh3r9sl8quxV3DrJKvJyUIUejX/rqDWKWRigNE1Trrucmxs+oMpwJnBZ7qcaEsjEdYtdS SSPUfjY/dUrOrTIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCW/8jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdoQvOWXV0mrWvHcindfLdeu8 jgKcApncAEeXEMN7qABTWAwhGd4hTdHOC/Ou/OxaF1z8pkT+APn8weRo41D</latexit><latexit sha1_base64="c11VC9L1eaTqpp04iHx7lrkEDn8=">AAAB6nicbVB NS8NAEJ34WetX1aOXxSLopSRF0GPBi71VtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777aytb2xubRd2irt7+weHpaPjlo5TxbDJ YhGrTkA1Ci6xabgR2EkU0igQ2A7GtzO//YRK81g+mkmCfkSHkoecUWOlh3r9sl8quxV3DrJKvJyUIUejX/rqDWKWRigNE1Trrucmxs+oMpwJnBZ7qcaEsjEdYtdS SSPUfjY/dUrOrTIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCW/8jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdoQvOWXV0mrWvHcindfLdeu8 jgKcApncAEeXEMN7qABTWAwhGd4hTdHOC/Ou/OxaF1z8pkT+APn8weRo41D</latexit>
III)
<latexit sha1_base64="vBTaG+xGnySqK86vN/iTDG9CV4I=">AAAB63icbVB NS8NAEJ3Ur1q/qh69LBZBLyUpgh4LXuytgv2ANpTNdtMu3d2E3Y1QQv+CFw+KePUPefPfuElz0NYHA4/3ZpiZF8ScaeO6305pY3Nre6e8W9nbPzg8qh6fdHWUKEI7 JOKR6gdYU84k7RhmOO3HimIRcNoLZneZ33uiSrNIPpp5TH2BJ5KFjGCTSa1W62pUrbl1NwdaJ15BalCgPap+DccRSQSVhnCs9cBzY+OnWBlGOF1UhommMSYzPKED SyUWVPtpfusCXVhljMJI2ZIG5erviRQLrecisJ0Cm6le9TLxP2+QmPDWT5mME0MlWS4KE45MhLLH0ZgpSgyfW4KJYvZWRKZYYWJsPBUbgrf68jrpNuqeW/ceGrXmd RFHGc7gHC7Bgxtowj20oQMEpvAMr/DmCOfFeXc+lq0lp5g5hT9wPn8AJhmNlg==</latexit><latexit sha1_base64="vBTaG+xGnySqK86vN/iTDG9CV4I=">AAAB63icbVB NS8NAEJ3Ur1q/qh69LBZBLyUpgh4LXuytgv2ANpTNdtMu3d2E3Y1QQv+CFw+KePUPefPfuElz0NYHA4/3ZpiZF8ScaeO6305pY3Nre6e8W9nbPzg8qh6fdHWUKEI7 JOKR6gdYU84k7RhmOO3HimIRcNoLZneZ33uiSrNIPpp5TH2BJ5KFjGCTSa1W62pUrbl1NwdaJ15BalCgPap+DccRSQSVhnCs9cBzY+OnWBlGOF1UhommMSYzPKED SyUWVPtpfusCXVhljMJI2ZIG5erviRQLrecisJ0Cm6le9TLxP2+QmPDWT5mME0MlWS4KE45MhLLH0ZgpSgyfW4KJYvZWRKZYYWJsPBUbgrf68jrpNuqeW/ceGrXmd RFHGc7gHC7Bgxtowj20oQMEpvAMr/DmCOfFeXc+lq0lp5g5hT9wPn8AJhmNlg==</latexit><latexit sha1_base64="vBTaG+xGnySqK86vN/iTDG9CV4I=">AAAB63icbVB NS8NAEJ3Ur1q/qh69LBZBLyUpgh4LXuytgv2ANpTNdtMu3d2E3Y1QQv+CFw+KePUPefPfuElz0NYHA4/3ZpiZF8ScaeO6305pY3Nre6e8W9nbPzg8qh6fdHWUKEI7 JOKR6gdYU84k7RhmOO3HimIRcNoLZneZ33uiSrNIPpp5TH2BJ5KFjGCTSa1W62pUrbl1NwdaJ15BalCgPap+DccRSQSVhnCs9cBzY+OnWBlGOF1UhommMSYzPKED SyUWVPtpfusCXVhljMJI2ZIG5erviRQLrecisJ0Cm6le9TLxP2+QmPDWT5mME0MlWS4KE45MhLLH0ZgpSgyfW4KJYvZWRKZYYWJsPBUbgrf68jrpNuqeW/ceGrXmd RFHGc7gHC7Bgxtowj20oQMEpvAMr/DmCOfFeXc+lq0lp5g5hT9wPn8AJhmNlg==</latexit><latexit sha1_base64="vBTaG+xGnySqK86vN/iTDG9CV4I=">AAAB63icbVB NS8NAEJ3Ur1q/qh69LBZBLyUpgh4LXuytgv2ANpTNdtMu3d2E3Y1QQv+CFw+KePUPefPfuElz0NYHA4/3ZpiZF8ScaeO6305pY3Nre6e8W9nbPzg8qh6fdHWUKEI7 JOKR6gdYU84k7RhmOO3HimIRcNoLZneZ33uiSrNIPpp5TH2BJ5KFjGCTSa1W62pUrbl1NwdaJ15BalCgPap+DccRSQSVhnCs9cBzY+OnWBlGOF1UhommMSYzPKED SyUWVPtpfusCXVhljMJI2ZIG5erviRQLrecisJ0Cm6le9TLxP2+QmPDWT5mME0MlWS4KE45MhLLH0ZgpSgyfW4KJYvZWRKZYYWJsPBUbgrf68jrpNuqeW/ceGrXmd RFHGc7gHC7Bgxtowj20oQMEpvAMr/DmCOfFeXc+lq0lp5g5hT9wPn8AJhmNlg==</latexit>
IV)
<latexit sha1_base64="Pli2gMUxwLy8JcuMAIMOezWib0Q=">AAAB6nicbVB NS8NAEJ3Ur1q/qh69LBZBLyUpgh4LXvRW0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiT xTLWnYAaLoXiTRQoeSfRnEaB5O1gfDPz209cGxGrR5wk3I/oUIlQMIpWerhrXfTLFbfqzkFWiZeTCuRo9MtfvUHM0ogrZJIa0/XcBP2MahRM8mmplxqeUDamQ961 VNGIGz+bnzolZ1YZkDDWthSSufp7IqORMZMosJ0RxZFZ9mbif143xfDaz4RKUuSKLRaFqSQYk9nfZCA0ZygnllCmhb2VsBHVlKFNp2RD8JZfXiWtWtVzq959rVK/z OMowgmcwjl4cAV1uIUGNIHBEJ7hFd4c6bw4787HorXg5DPH8AfO5w+lZI1Q</latexit><latexit sha1_base64="Pli2gMUxwLy8JcuMAIMOezWib0Q=">AAAB6nicbVB NS8NAEJ3Ur1q/qh69LBZBLyUpgh4LXvRW0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiT xTLWnYAaLoXiTRQoeSfRnEaB5O1gfDPz209cGxGrR5wk3I/oUIlQMIpWerhrXfTLFbfqzkFWiZeTCuRo9MtfvUHM0ogrZJIa0/XcBP2MahRM8mmplxqeUDamQ961 VNGIGz+bnzolZ1YZkDDWthSSufp7IqORMZMosJ0RxZFZ9mbif143xfDaz4RKUuSKLRaFqSQYk9nfZCA0ZygnllCmhb2VsBHVlKFNp2RD8JZfXiWtWtVzq959rVK/z OMowgmcwjl4cAV1uIUGNIHBEJ7hFd4c6bw4787HorXg5DPH8AfO5w+lZI1Q</latexit><latexit sha1_base64="Pli2gMUxwLy8JcuMAIMOezWib0Q=">AAAB6nicbVB NS8NAEJ3Ur1q/qh69LBZBLyUpgh4LXvRW0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiT xTLWnYAaLoXiTRQoeSfRnEaB5O1gfDPz209cGxGrR5wk3I/oUIlQMIpWerhrXfTLFbfqzkFWiZeTCuRo9MtfvUHM0ogrZJIa0/XcBP2MahRM8mmplxqeUDamQ961 VNGIGz+bnzolZ1YZkDDWthSSufp7IqORMZMosJ0RxZFZ9mbif143xfDaz4RKUuSKLRaFqSQYk9nfZCA0ZygnllCmhb2VsBHVlKFNp2RD8JZfXiWtWtVzq959rVK/z OMowgmcwjl4cAV1uIUGNIHBEJ7hFd4c6bw4787HorXg5DPH8AfO5w+lZI1Q</latexit><latexit sha1_base64="Pli2gMUxwLy8JcuMAIMOezWib0Q=">AAAB6nicbVB NS8NAEJ3Ur1q/qh69LBZBLyUpgh4LXvRW0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiT xTLWnYAaLoXiTRQoeSfRnEaB5O1gfDPz209cGxGrR5wk3I/oUIlQMIpWerhrXfTLFbfqzkFWiZeTCuRo9MtfvUHM0ogrZJIa0/XcBP2MahRM8mmplxqeUDamQ961 VNGIGz+bnzolZ1YZkDDWthSSufp7IqORMZMosJ0RxZFZ9mbif143xfDaz4RKUuSKLRaFqSQYk9nfZCA0ZygnllCmhb2VsBHVlKFNp2RD8JZfXiWtWtVzq959rVK/z OMowgmcwjl4cAV1uIUGNIHBEJ7hFd4c6bw4787HorXg5DPH8AfO5w+lZI1Q</latexit>
p
si
n
k
<latexit sha1_base64="BQeOyPjhBFCEdGWH89YFLJSE20U=">AAAB+nicbVBNS8NAEN34WetXqkcvi63gqSS9KJ4KXjxWsB/QhrDZbtqlm03Ynagl5qd48aCIV3+JN/+N2zYHbX0w8Hhvhpl5QSK4Bsf5ttbWNza3tks75d29/YNDu3LU0XGqKGvTWMSqFxDNBJesDRwE6yWKkSgQrBtMrmd+954pzWN5B9OEeREZSR5ySsBIvl2pJX42APYImeZykuc13646dWcOvErcglRRgZZvfw2GMU0jJoEKonXfdRLwMqKAU8Hy8iDVLCF0Qkasb6gkEdNeNj89x2dGGeIwVqYk4Ln6eyIjkdbTKDCdEYGxXvZm4n9eP4Xw0su4TFJgki4WhanAEONZDnjIFaMgpoYQqri5FdMxUYSCSatsQnCXX14lnUbdderubaPavCriKKETdIrOkYsuUBPdoBZqI4oe0DN6RW/Wk/VivVsfi9Y1q5g5Rn9gff4Akg6UKA==</latexit><latexit sha1_base64="BQeOyPjhBFCEdGWH89YFLJSE20U=">AAAB+nicbVBNS8NAEN34WetXqkcvi63gqSS9KJ4KXjxWsB/QhrDZbtqlm03Ynagl5qd48aCIV3+JN/+N2zYHbX0w8Hhvhpl5QSK4Bsf5ttbWNza3tks75d29/YNDu3LU0XGqKGvTWMSqFxDNBJesDRwE6yWKkSgQrBtMrmd+954pzWN5B9OEeREZSR5ySsBIvl2pJX42APYImeZykuc13646dWcOvErcglRRgZZvfw2GMU0jJoEKonXfdRLwMqKAU8Hy8iDVLCF0Qkasb6gkEdNeNj89x2dGGeIwVqYk4Ln6eyIjkdbTKDCdEYGxXvZm4n9eP4Xw0su4TFJgki4WhanAEONZDnjIFaMgpoYQqri5FdMxUYSCSatsQnCXX14lnUbdderubaPavCriKKETdIrOkYsuUBPdoBZqI4oe0DN6RW/Wk/VivVsfi9Y1q5g5Rn9gff4Akg6UKA==</latexit><latexit sha1_base64="BQeOyPjhBFCEdGWH89YFLJSE20U=">AAAB+nicbVBNS8NAEN34WetXqkcvi63gqSS9KJ4KXjxWsB/QhrDZbtqlm03Ynagl5qd48aCIV3+JN/+N2zYHbX0w8Hhvhpl5QSK4Bsf5ttbWNza3tks75d29/YNDu3LU0XGqKGvTWMSqFxDNBJesDRwE6yWKkSgQrBtMrmd+954pzWN5B9OEeREZSR5ySsBIvl2pJX42APYImeZykuc13646dWcOvErcglRRgZZvfw2GMU0jJoEKonXfdRLwMqKAU8Hy8iDVLCF0Qkasb6gkEdNeNj89x2dGGeIwVqYk4Ln6eyIjkdbTKDCdEYGxXvZm4n9eP4Xw0su4TFJgki4WhanAEONZDnjIFaMgpoYQqri5FdMxUYSCSatsQnCXX14lnUbdderubaPavCriKKETdIrOkYsuUBPdoBZqI4oe0DN6RW/Wk/VivVsfi9Y1q5g5Rn9gff4Akg6UKA==</latexit><latexit sha1_base64="BQeOyPjhBFCEdGWH89YFLJSE20U=">AAAB+nicbVBNS8NAEN34WetXqkcvi63gqSS9KJ4KXjxWsB/QhrDZbtqlm03Ynagl5qd48aCIV3+JN/+N2zYHbX0w8Hhvhpl5QSK4Bsf5ttbWNza3tks75d29/YNDu3LU0XGqKGvTWMSqFxDNBJesDRwE6yWKkSgQrBtMrmd+954pzWN5B9OEeREZSR5ySsBIvl2pJX42APYImeZykuc13646dWcOvErcglRRgZZvfw2GMU0jJoEKonXfdRLwMqKAU8Hy8iDVLCF0Qkasb6gkEdNeNj89x2dGGeIwVqYk4Ln6eyIjkdbTKDCdEYGxXvZm4n9eP4Xw0su4TFJgki4WhanAEONZDnjIFaMgpoYQqri5FdMxUYSCSatsQnCXX14lnUbdderubaPavCriKKETdIrOkYsuUBPdoBZqI4oe0DN6RW/Wk/VivVsfi9Y1q5g5Rn9gff4Akg6UKA==</latexit>
p
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n
k
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FIG. 3: Plots of psink as function of time t for N = 2 and
different values of the site-to-site coupling constant λ: I) λ =
0.1 II) λ = 0.3 III) λ = 0.5 IV) λ = 0.7. Gray dashed-dotted
lines correspond to the Markovian case while purple solid lines
on the left correspond to J = 10 and θ = 0.8.
both cases the efficiency is maximized for non-null de-
4phasing. Once again, it is higher in the non-Markovian
case than for the Markovian counterpart of the dynam-
ics. Besides that, the difference between the maximum
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FIG. 4: Plots showing dephasing assisted transport.
of the efficiency η and the value η(γ2 = 0) is 0.0327 for
the red line, while it is only 0.0192 for the dashed-dotted
gray line. Therefore, we see that non-Markovianity can
also boost efficiency in a scenario of dephasing-assisted
transport. In the context of controlled quantum sys-
tems, this possibility is particularly interesting. In other
words, one can then set the values of the parameters
such that non-Markovianity may notably assist quantum
transport. Nonetheless, even though we have shown that
dephasing assisted transport can be more pronounced in
the case of non-Markovian dephasing, future investiga-
tions on the conditions such that this happens, for a
variety of physical systems, would be potentially inter-
esting.
To summarize, we considered quantum engineered
environments in the context of quantum transport.
For the non-Markovian dephasing model used in this
work, non-Markovianity led to the enhancement of
energy transport efficiency in a dissipative chain of
coupled two-level systems. In addition, we showed that
dephasing-assisted transport also takes place in the
non-Markovian case and that the efficiency of this mech-
anism is also improved by non-Markovianity. We hope
that our work may motivate experiments in quantum
transport using coupled quantum systems subjected to
engineered environments. At the same time, further
theoretical investigations using other schemes to control
non-Markovianity may reveal optimized strategies to
minimize dissipation while achieving higher transport
efficiency.
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